Bermudagrass is the predominant forage grass grown in the region (Burton and Hanna, 1995) , and hybrid herbage yield (Robinson, 1996), which, among many factors, is strongly influenced by cultivar. Since the release of Coastal hybrid bermudagrass in 1943, several
Coastal hybrid bermudagrass receiving 670 kg N ha Ϫ1 from 422 to 467 kg N ha Ϫ1 and 50 to 58 kg P ha Ϫ1 on the Brooksville and 153 kg P ha Ϫ1 from swine effluent removed an soil and from 181 to 230 kg N ha Ϫ1 and 32 to 40 kg P ha Ϫ1 on the average of 382 and 43 kg ha Ϫ1 yr Ϫ1 N and P, respectively.
Atwood soil. Common bermudagrass uptake of N and P was similar
Nutrient uptake by unimproved common bermudagrass, to or greater than all hybrids except Russell on Atwood soil due to prevalent throughout much of the southeastern USA, greater herbage N and P concentration. Hybrids generally recovered
has not been compared with that of the hybrids when more K, Cu, and Zn than common bermudagrass. Relatively small manure served as the fertilizer source.
differences in nutrient uptake among the bermudagrass cultivars sug-
Because forage nutrient concentration tends to fluctugest that forage quality, winter hardiness, and establishment cost be ate little, nutrient removal is primarily a function of given equal consideration when choosing a cultivar.
herbage yield (Robinson, 1996) , which, among many factors, is strongly influenced by cultivar. Since the release of Coastal hybrid bermudagrass in 1943, several S wine production has traditionally been concenhybrid cultivars have become available to producers in trated in the Midwest (Hatfield et al., 1998) , and the southeastern USA. Routine application of swine the manure has been applied primarily to soils that effluent to bermudagrass requires additional informaproduce row crops (Schmidt et al., 2001) . The rapid tion about potential cultivar-dependent responses. Our growth of confined, contract swine production in the objective was to determine differences in forage DM southeastern USA (Welsh and Hubbell, 1999) has reyield and nutrient concentration and uptake among disulted in widespread application of swine effluent to verse bermudagrass varieties grown on contrasting soil forage crops. Forage crop uptake of nutrients applied types fertilized with swine effluent. with manure is often less than the quantity applied because the manure is applied at rates necessary to meet MATERIALS AND METHODS the N requirements of the forage (Sims, 1995) and the The study was conducted for 3 yr on two different confined-N/P ratio of manure does not match that of the crop feeding swine farms at Crawford, MS (33Њ17Ј N, 88Њ35Ј W), (Edwards, 1996) . In addition, hay production may not on a Brooksville silty clay loam and at Houston, MS (34Њ0Ј prevent nutrient accumulation in the soil due to contin-N, 89Њ0Ј W), on an Atwood silt loam. At both locations, excreta ued manure application (Kingery et al., 1993) . Hay prois washed from pits located below the barn floor into open duction, however, represents an important component lagoons and applied as effluent to adjacent fields using a center-pivot irrigation system (Crawford) or traveling spray gun of nutrient management. By exporting nutrients in the (Houston). Effluent had been applied to the soil at both locaform of hay from land receiving manure and by reducing tions at rates ranging from 10 to 15 cm ha Ϫ1 yr Ϫ1 (unknown runoff and soil loss, the rate of nutrient accumulation mineral concentration) for 2 to 5 yr before the experiment in the soil and the potential for ground and surface water started. Before forage yield measurements were made the first impairment may be reduced (Sims and Wolf, 1994 lished from sprigs in July 1996 in 2-by 6-m plots separated for application timing (1 April to 30 September) and applicaby a 1-m alley in a randomized complete block design with tion schedules for other fields on the farm. The quantity of four replicates. Alleys were maintained free of vegetation with effluent applied to plots from May to September each year Roundup herbicide [N-(phosphonomethyl) glycine]. These was measured with a meteorological rain gauge placed in each bermudagrass hybrids represent those commonly used by proreplicate of the study. Timing and quantity of lagoon effluent ducers in the southeastern USA. Unimproved common berapplied was governed by the producer at both locations, which mudagrass is not a true cultivar, but for the sake of brevity, contributed to the difference in annual liquid application rate it will be referred to as a cultivar. Although its growth is highly between the two locations (mean of 10 ha-cm at Crawford variable, common is usually shorter, with finer leaves and a and 6.5 ha-cm at Houston). Application at Crawford began denser growth habit than the hybrids (Burton and Hanna, on 7 May 1997 , 9 May 1998 , and 22 Apr. 1999 and at Houston 1995 . Among the hybrids, Alicia, Coastal (Burton, 1954) , on 18 May 1997, 4 May 1998, and 20 May 1999. Less effluent Russell (Ball et al., 1996) , and Tifton 44 (Burton and Monson, was applied (0.3 to 0.6 ha-cm application Ϫ1 ) more frequently 1978) are most similar in morphology, with an erect growth (two to three applications per week) with the center-pivot habit, moderately coarse stems, and fine leaves. Brazos (Forsystem at Crawford than with the traveling spray gun (1.0-1.5 age Information System, 2002) and Tifton 85 (Burton et al., ha-cm every 2 wk) at Houston. A 250-mL effluent subsample 1993) are the tallest of the hybrids, with wider leaves and was collected immediately after each application and analyzed thicker stems than Coastal. By September 1996, all bermufor total N concentration by the Kjeldahl procedure with a dagrass varieties had covered the respective plot areas. During salicylic acid modification (Bremner, 1996) . Total effluent P, the establishment year, effluent applied by the producer was K, Cu, and Zn concentrations were determined by digesting not collected for mineral analysis. a 20-mL subsample containing 1 mL of concentrated H 2 SO 4 Beginning in late May of the next 3 yr, plots were harvested and 5 mL of concentrated HNO 3 to a total volume of 1 mL, every 6 wk. Precipitation was approximately 35% below nordiluting with 40 mL of distilled water, and filtering through mal at both locations from July to September in 1997, and dry conditions prevented a fourth harvest. Dry conditions Whatman 2V paper. The P, K, Cu, and Zn concentrations of prevented a fourth harvest at Houston in 1999 as well when the filtrate were measured by emission spectroscopy on an precipitation was 45% below normal from July to September.
inductively coupled argon plasma spectrophotometer. EffluForage DM yields were determined by cutting a 1-by 6-m ent nutrient concentration was used to calculate the total quanswath at a 7-cm stubble height through the center of each plot tity of nutrients applied annually (Table 1) . with a sickle-bar mower. A 600-to 800-g subsample was taken
Annual nutrient uptake was calculated as the product of from each yield sample, dried at 65ЊC for 48 h, weighed to forage DM yield and forage nutrient concentration at each determine DM content, and then ground to pass a 2-mm harvest and summed over all harvests. Data from all locations, screen. A 50-g subsample of the ground forage was stored in years, and cultivars were subject to analysis of variance using plastic bottles.
SAS (SAS Inst., 1999) . Location ϫ year and location ϫ cultivar Forage N concentration was determined using the Dumas interactions were significant (P ϭ 0.001). When analyzed by method (Bremner, 1996) . Forage P, K, Cu, and Zn concentralocation, a significant (P ϭ 0.03) year ϫ cultivar interaction tions were determined by ashing a 0.8-g subsample in a ceramic for annual forage DM yield and nutrient uptake occurred crucible at 500ЊC for 4 h, dissolving the ash in 1.0 mL of 6 M at Crawford because the magnitude of the yield difference HCl for 1 h and then in an additional 40 mL of a double-acid between Tifton 44 and the other cultivars was greater in 1999 solution of 0.0125 M H 2 SO 4 and 0.05 M HCl for another hour, than in 1997 and 1998. Because this interaction had no effect and then filtering through Whatman no. 1 paper. The P, K, on the general conclusions of the study, cultivar means were Cu, and Zn concentrations of the filtrate were measured by averaged over the 3-yr period of the study. Cultivar means for emission spectroscopy on an inductively coupled argon plasma annual forage DM yield, nutrient concentration, and nutrient spectrophotometer (Southern Coop. Ser., 1983) . uptake were compared using Fisher's protected LSD (P Յ Plots were located within 40-to 45-ha fields at both locations. Effluent application was governed by state regulations 0.05).
RESULTS AND DISCUSSION
served. The N concentration of common bermudagrass forage at Crawford was greater than that of all the
Forage Dry Matter Yield
hybrids at every harvest except the second harvest of Depending on the cultivar, mean annual forage DM Tifton 85 (Fig. 2) . At Houston, the N concentration of yield at Crawford was often twofold greater than that common bermudagrass was similar to or greater than at Houston. This difference could be attributed to differthat of all hybrids at each harvest. These results are ences in nutrient application rate (Table 1), soil physical explained by an analysis of whole-plant samples taken or chemical properties (Table 1) , or the occurrence of from plots of common, Coastal, and Tifton 85 bermuprecipitation relative to effluent application at the two dagrass in Crawford during 1997 and 1998 and separated sites. At both locations, five of the seven cultivars (Aliinto the leaf, stem, stolon, and root fractions (Pederson cia, Brazos, Coastal, Russell, and Tifton 85 at Crawford and Brink, unpublished data, 1998) . Throughout the and Brazos, Coastal, Russell, Tifton 44, and Tifton 85 growing season, the leaf fraction of common bermuat Houston) had similar annual forage DM yield, rangdagrass had greater N concentration than that of Coastal ing from 23.3 to 24.2 Mg ha Ϫ1 at Crawford and 12.3 to or Tifton 85 hybrid bermudagrass. In addition, the leaf 14.1 Mg ha Ϫ1 at Houston (Fig. 1) . At Houston, Tifton fraction of common bermudagrass constituted a greater 44 was among the highest-yielding cultivars while at the proportion of the herbage than did the leaf fraction of Crawford location, this cultivar yielded less forage DM Coastal or Tifton 85 hybrid bermudagrass. than all other cultivars. At both Crawford and Houston, Results for individual harvest P concentration were forage DM yield of common bermudagrass was similar generally similar to those for N concentration; the P to that of Alicia but less than that of Coastal and Russell. concentration of common bermudagrass was similar to Because the first harvest was always made near the that of the hybrids at the first and second harvest at end of May, seasonal distribution of DM production Crawford and was greater than that of the hybrids at was influenced largely by timing of the initial effluent the third and fourth harvests (Fig. 3) . At Houston, P application. When effluent application at Crawford beconcentration of common bermudagrass was similar to gan in mid-April 1999, 37% of the annual forage DM that of the hybrids at the first three harvests and greater yield was produced by the first harvest compared with 26% in 1997 and 1998 when effluent application began 2 wk later. Similarly, when effluent application at Houston began in mid-May of 1997 and 1999, the proportion of annual forage DM yield contained in the second harvest was 53% compared with 27% in 1998 when effluent application began 2 wk earlier. Few differences in seasonal distribution of forage DM yield were measured among the cultivars.
Nitrogen and Phosphorus Concentration
Although N concentration of an individual harvest was similar among a majority of the cultivars at Crawford and Houston, some important differences were ob- in the effluent (Table 1) due to the availability of soil N. Nitrogen and P uptake at Houston was generally similar to values reported by Adeli and Varco (2001) for equivalent fertilization of Alicia bermudagrass with swine effluent on an acid (pH of 5.5) Vaiden silty clay (very-fine, smectitic, thermic Aquic Dystrudert). In contrast, N and P uptake at Crawford was nearly twofold greater than that reported by Adeli and Varco (2001) on a Vaiden silty clay or by Burns et al. (1985) on a Wagram loamy sand (loamy, kaolinitic, thermic Arenic Kandiudult) for similar fertilization levels. Hybrid bermudagrass has high annual K require- uptake by a particular cultivar exceeded N uptake. At Crawford, the seven cultivars fell into three groups in at the fourth. Similar to N concentration, analysis of terms of annual K uptake with the following ranking: plant fractions indicated that the P concentration of Brazos and Tifton 85 (mean of 550 kg ha
Ϫ1
) Ͼ Coastal, common bermudagrass stem and leaf fractions exceeded Russell, and Alicia (mean of 475 kg ha Ϫ1 ) Ͼ common that of Coastal and Tifton 85 throughout the growing and Tifton 44 (mean of 412 kg ha Ϫ1 ; Table 2 ). With the season (Pederson and Brink, unpublished data, 1998) . exception of Tifton 44, these results can be attributed primarily to differences in the leaf and stem K concen-
Nutrient Uptake
tration of cultivars that represent each group at Crawford, where Brazos Ͼ Coastal Ͼ common (Pederson With the exception of Tifton 44, the range in annual and Brink, unpublished data, 1998). At Houston, K upuptake of N and P at Crawford was relatively narrow take by common was less than that of all the hybrids (422-467 kg N ha Ϫ1 and 50-58 kg P ha Ϫ1 ; Table 2 ).
except Alicia. Despite generally lower annual forage DM yield than Copper and Zn are common mineral supplements the hybrids (Fig. 1) , annual N and P uptake of common to swine rations, with their concentration in excreta bermudagrass at Crawford was similar to or greater than depending on the dietary requirements for a particular that of the hybrids. Because nutrient uptake is a product class of animals. Although Cu and Zn levels in soils of DM yield and nutrient concentration, these results receiving manure are usually well below those of sites were due to the fact that the N (Fig. 2) and P (Fig. 3) considered contaminated, their accumulation may be concentrations of common bermudagrass were usually undesirable (Wood and Hattey, 1995) . Copper uptake greater than those of the hybrids at Crawford.
by hybrid bermudagrass was greater than that of comAnnual N and P uptake at Houston were less than that mon bermudagrass at both locations and ranged from at Crawford due to reduced forage DM yield. Similar 110 to 135 g ha Ϫ1 at Crawford and 71 to 87 g ha Ϫ1 at to Crawford, the range in uptake among cultivars at Houston (Table 2) . At both locations, Russell recovered Houston was relatively narrow (181-230 kg N ha Ϫ1 and more Zn than all cultivars, except Alicia at Crawford 32-40 kg P ha
Ϫ1
; Table 2 ). Only Russell recovered more and Coastal at Houston (Table 2) . N and P than common bermudagrass. At both locations, mean N uptake (Table 2) exceeded the amount applied Although DM yield has been cited as the primary
